Background: Limb salvage surgery with vascular reconstruction is currently considered as the standard treatment for extremity soft tissue sarcoma (STS), showing equivalent oncologic outcome compared with amputation. In this retrospective study, the surgical and functional outcomes after arterial or venous reconstruction in limb salvage surgery for STS were analyzed. Methods: Consecutive patients who underwent vascular resection and reconstruction as part of limb salvage surgery for extremity STS from July 2009 to June 2015 were included in this study. Incidence of surgical complication, graft patency, and patients' functional outcome were reviewed. Results: During the study period, 14 arteries and 13 veins were reconstructed in 17 patients (artery only in 4, vein only in 3, artery and vein in 10). Autologous great saphenous vein (GSV) was the most commonly used vascular conduit in both arterial and venous reconstruction (78.6% and 77.0%). The patency of synthetic graft was significantly lower than that of the autologous vein conduit (log rank test, P = 0.001). Among 15 patients with tumors in lower extremity, 13 were ambulatory after limb salvage surgery. During median follow up of 23.3 months (interquartile range 39.9 months), 2 patients (11.7%) needed amputation of the initially salvaged limb due to local recurrence. Conclusion: Limb salvage surgery of soft tissue tumor combined with vascular reconstruction showed favorable functional outcome with good local control. Autologous vein conduit is preferred over synthetic graft both in arterial and venous reconstruction.
INTRODUCTION
Soft tissue sarcoma (STS) is a rare malignant neoplasm that accounts for less than 1% of all cancers diagnosed annually. 1 Aggressive surgical excision of these tumors provides an opportunity for complete cure. When STS in the extremities invaded major blood vessels, amputation was previously considered as the treatment of choice for a complete oncologic resection rather than local excision. This was due to the high recurrence rate and hematogenous metastasis after local excision close to vascular structure. However, there was no difference in oncologic outcome between the surgical resection with adequately wide margins and the amputation. 2, 3 Therefore, limb salvage surgery has been preferred because patients have significantly better quality of life. Even in patients with distant metastasis, limb salvage surgery should be contemplated for long-term maintenance of a good quality of life.
The purposes of this study were to analyze the oncologic and functional outcome of patients who underwent vascular reconstructions for limb salvage in extremity sarcomas, and to define the risk factors for poor outcomes.
METHODS
This is a retrospective case series of patients with STS or locally aggressive fibromatosis in the extremities, who received simultaneous vascular resection and reconstruction at Seoul National University Hospital from July 1, 2009 to June 31, 2015. Electronic medical records and imaging studies were reviewed, including histologic type of the tumor, surgical complication, graft type, graft patency and functional outcomes.
All patients were initially evaluated by orthopedic oncology surgeons and underwent preoperative computed tomography (CT) or magnetic resonance imaging (MRI) to identify tumor invasion of major vessels. If any vascular invasion is suspected, consultation to a vascular surgeon is done. On the day before operation, preoperative duplex vein mapping of the contralateral saphenous vein is done by a registered vascular technologist. After en bloc dissection of the tumor with vascular pedicles in situ is done by the oncologic surgeon, the vascular surgeon starts to harvest the contralateral great saphenous vein (GSV) by multiple small stab incision as long as required. And after injecting a bolus of intravenous heparin, vascular clamps are applied on the proximal and distal vascular pedicles. Arterial reconstruction is done in reversed vein interposition graft, and then vein reconstruction is done if needed. After completion of the anastomosis, distal pedal flow is monitored by continuous wave Doppler. If the arterial flow is not normal, intraoperative angiography is performed. Whenever possible, vascular reconstruction was performed using contralateral GSV with a diameter greater than 3 mm in order to prevent excessive limb swelling. When it was not available, ipsilateral GSV or a prosthetic graft of expanded polytetrafluoroethylene (ePTFE) were used. Low molecular weight heparin (1 mg/kg) was given subcutaneously to all patients in the absence of postoperative bleeding until oral administration was possible. Use of antiplatelet agent or anticoagulant was determined by the surgeons' preference regardless of the type of vascular reconstruction or graft.
Statistical analysis
All statistical analysis was performed using SPSS software version 23 (IBM Corp., Armonk, NY, USA). The Kaplan-Meier method was used to estimate overall survival probability as well as the rates of arterial or venous graft patency. The results were considered significant if the P value was less than 0.05 with confidence intervals (CI) of 95%.
Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of Seoul National University Hospital (approval No. 1802-127-926).
RESULTS
A total of 17 patients received major vascular reconstruction after en bloc resection of the extremity STS. The median age was 47 years (range, 15-80 years) and there were 8 males (47.1%) and 9 females (52.9%). The characteristics of the extremity STS were listed in Table 1 , including the sites of the tumors, the histologic types of the sarcomas, the tumor grade, and tumor status. The most common site of the primary tumor was thigh in 70.6%, and the most frequent histologic type was osteosarcoma in 3 (17.7%), followed by synovial sarcoma, chondrosarcoma, and fibromatosis. One third of the tumors were recurrent tumors. The mean tumor size in the largest dimension was 10.2 cm (range, 5.5-16.5 cm). The tumor was resected en bloc with free resection margins.
The characteristics of vessel reconstruction was summarized in Tables 2 and 3. A total of 14 arteries and 13 veins were reconstructed in 17 patients after en bloc resection (both artery and vein in 10, artery only in 4, and vein only in 3). The most common reconstruction method was femoral-femoral interposition graft in 9 patients (52.9%). Among them, 8 patients had arterial and venous reconstructions simultaneously and one patient required only arterial reconstruction. The most commonly used conduit was autologous GSV in both arterial (11/14, 78.6%) and venous reconstruction (10/13, 77.0%). In the other patients, ringed ePTFE graft was used (6/27, 22.2%). During the postoperative period, 5 early thrombotic occlusions within 1 month after reconstruction developed, including 2 arterial and 3 venous reconstruction ( Table 4) . Thrombectomy was successfully done in 2 arterial thromboses. Conservative therapy was done in venous thrombosis. There were no infections related to the vascular grafts. Fluid collection occurred in 5 patients without surgical wound infection.
Median follow-up duration was 23.3 months (interquartile range 39.9 months). Two patients (11.7%) required amputation of the initially salvaged limb due to local recurrence, and later died of tumor. Nine patients (53%) were alive without recurrence, and six were alive with recurrence. The local recurrence rate after 2 years was 47%, and the overall limb salvage rate was 88.2% (15/17).
The characteristic of the occluded grafts was summarized in Table 4 . With regard to the type of revascularization, occlusions occurred in 3 patients with arterial reconstruction and in 5 patients with venous reconstruction. The occlusion rate of venous reconstruction was greater than arterial reconstruction, but there was no significant difference between the two groups (P = 0.37). The Kaplan-Meyer analysis of the patency rates of arterial or venous reconstructions are illustrated in Fig. 1 . The 2-year graft patency was significantly lower in synthetic graft than autologous vein (14.3% vs. 83.3%, P < 0.001) (Fig. 2) . 
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No. at risk Autogenous Synthetic graft skills in dealing with vessels. There has been renewed interest in the role of vascular surgeon, but there are few reports regarding that in limb salvage surgery. Vascular reconstruction has played a major role in improving the successful limb salvage surgery.
STS is an aggressive tumor with a reported risk of local recurrence after surgery as high as 65%. 4,5 Therefore, en bloc resection with adequate resection margin was the main operative principle for STS, and invasion of major vessels has been considered as an indication for amputation until the 1970's. 6 Recently, however, great progresses in surgical skills and imaging modalities made it possible to avoid amputation. Fortner et al. 7 reported the first successful vascular reconstructions in conjunction with limb salvage surgery for STS in the lower extremity. And some demonstrated that there were no significant differences in outcomes between amputated patients and the limb salvage group. 8,9 Nowadays, limb salvage surgery is considered as the standard treatment of STS for better functional outcomes and quality of life. 7,10
The options for vascular substitutes can be autologous or prosthetic. Currently there is no clear guideline of graft selection in vascular reconstruction. However, autologous vein graft seems to be the preferred method of reconstruction because the patency of the autologous graft was significantly superior to that of the synthetic graft. 1,2
There are some technical points to mention about the vascular reconstruction after extremity sarcoma resection. First, preoperative vascular consultation and duplex imaging is performed in all patients. Second, to minimize the ischemic time of the affected limb, oncologic surgeons and vascular surgeons cooperated efficiently, such as vein harvest before tumor resection, and heparin injection before arterial clamping. And third, aggressive postoperative monitoring by the oncologist on tumor recurrence and by vascular surgeons on the patency of reconstructed vessels. Therefore, it is very important to make a good collaboration team with vascular surgeons and orthopedic oncologic surgeons.
The best conduit for bypass is the autologous saphenous vein. In this series, the patency rate of prosthetic graft was significantly poorer than the autologous vein. Usually after bypass, single or double antiplatelet agents were prescribed according to the surgeon's preference. But this data may warrant more aggressive antithrombotic therapy in this subgroup of patients with a prosthetic graft. Fortunately, there were no cases of deep vein thrombosis (DVT) or graft infection after the surgery. Postoperative antibiotics and active mechanical prevention of DVT are important.
The need for venous reconstruction after resection is still in debate. Some surgeons preferred venous reconstruction because of the risk of severe venous congestion, leg edema, and resultant decrease in arterial perfusion. Nishinari et al. 11 reported that the occlusion rate of arterial reconstruction was only 4.8% and that of venous reconstruction was 13%, with no statistical significance. In this series, no significant differences have been found between the occlusion rates of arterial and venous reconstruction (P = 0.37). But there has been considerable disagreement for the necessity of simultaneous venous reconstruction, 12 because of the high occlusion rate and no difference of severity of leg swelling. Tsukushi et al. 13 compared the results of 12 arterial reconstructions only and 13 arterial and venous reconstructions, and reported that the rate of leg edema and functional outcomes after the operation were similar in both groups, confirming mandatory venous reconstruction was not necessary. Davis et al. 14 also reported that 9 vascular reconstructions were necessary during the operations of 154 STS, and venous reconstruction was not performed. In our center, the authors usually try to reconstruct both artery and vein if the autologous vein conduit is good. But, if a prosthetic graft is to be used, vein reconstruction is not mandatory.
This study has several limitations. First, this study was a retrospective single center study with a relatively small sample size. The inherent selection bias may have limitations to generalize the findings. Second, there was no regular surveillance protocol including ankle brachial index or duplex ultrasonography. But regular physical examinations and hand-held Doppler examination were done, minimizing the risk of underdiagnosing the graft failure. Third, postoperative antiplatelet or anticoagulant medication after revascularization was not standardized, and was dependent to the surgeons' preference. Further multicenter studies are necessary to define the optimal surgical technique or conduit, especially for vein reconstruction.
Limb salvage surgery of extremity STS combined with vascular reconstruction showed favorable functional outcome with good local control. Autologous vein conduit is preferred over synthetic graft both in arterial and venous reconstruction. In order to achieve the optimal outcome of vascular reconstruction after sarcoma removal in the extremity, it is important to make a good collaboration team with vascular surgeons and orthopedic oncologic surgeons.
